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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of chipping at 
groove working time, by forming a groove forming part of a 
ceramics-made multigroove roller by ceramics of a prescribed % or 
more alumina content. 

SOLUTION: A ceramics-made multigroove roller 1 for a wire saw is 
formed into a hollow cylindrical shape by ceramics. As this 
ceramics, an alumina content is 90% or more, for instance, ceramics 
of 97% purity or the like is used. In a surface 1 a of the multigroove 
roller 1 , a plurality of wire grooves 1 0 are provided with a space 
apart in a center core axial direction. Deflection in a radial direction 
of the wire groove 1 0 relating to the center core axis of the 
multigroove roller 1 is 20//m or less, deflection in an axial direction 
of the wire groove 1 0 relating to the center core axis of the 
multigroove roller 1 is 20/mi or less. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The multi-slot roller made from the ceramics of the wire saw characterized by 
forming the alumina content for the slot formation part of; this multi-slot roller made 
from the ceramics with 90% or more of ceramics in the multi-slot roller made from the 
ceramics of the wire saw which has two or more wire slots and slot Mayama on a front 
face. 

[Claim 2] The multi-slot roller made from the ceramics of the wire saw characterized by 
forming the slot formation part of; this multi-slot roller made from the ceramics in a front 
face with the ceramics with a flexural strength of 3500kg/cm2 or more in the multi-slot 
roller made from the ceramics of the wire saw which has two or more wire slots and slot 
Mayama. 

[Claim 3] Two or more multi-slot rollers which have two or more wire slots on a front 
face, and are arranged in it in parallel, The wire which is wound around the surroundings 
of two or more of these multi-slot rollers, and is guided by the wire slot, In the multi-slot 
roller made from the ceramics of a wire saw with which two, a preparation and this multi- 
slot roller, or more consist of rollers made from the ceramics the wire depth of flute of; 
this multi-slot roller made from the ceramics It is 50-500 micrometers, the deflection of 
the radial direction of the wire slot to the green sand core shaft of this multi-slot roller is 
20 micrometers or less, and the deflection of the axial direction of the wire slot to the 
green sand core shaft of this multi-slot roller is 20 micrometers or less, The multi-slot 
roller made from the ceramics of the wire saw by which it is characterized. 
[Claim 4] Two or more multi-slot rollers which have two or more wire slots on a front 
face, and are arranged in it in parallel, The wire which is wound around the surroundings 
of two or more of these multi-slot rollers, and is guided by the wire slot, In the multi-slot 
roller made from the ceramics of a wire saw with which two, a preparation and this multi- 
slot roller, or more consist of rollers made from the ceramics; this multi-slot roller made 
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from the ceramics The corl^P; of an alumina is formed witHBi% or more of ceramics. 
The wire depth of flute of this multi-slot roller It is 50-500 micrometers, the deflection of 
the radial direction of the wire slot to the green sand core shaft of this multi-slot roller 
slot is 20 micrometers or less, and the deflection of the axial direction of the wire slot to 
the green sand core shaft of this multi-slot roller is 20 micrometers or less, The multi-slot 
roller made from the ceramics of the wire saw by which it is characterized. 
[Claim 5] Two or more multi-slot rollers which have two or more wire slots on a front 
face, and are arranged in it in parallel, The wire which is wound around the surroundings 
of two or more of these multi-slot rollers, and is guided by the wire slot, In the multi-slot 
roller made from the ceramics of a wire saw with which two, a preparation and this multi- 
slot roller, or more consist of rollers made from the ceramics; this multi-slot roller made 
from the ceramics It is formed with the ceramics with a flexural strength of 3500kg/cm2 
or more. The wire depth of flute of this multi-slot roller It is 50-500 micrometers, the 
deflection of the radial direction of the wire slot to the green sand core shaft of this multi- 
slot roller is 20 micrometers or less, and the deflection of the axial direction of the wire 
slot to the green sand core shaft of this multi-slot roller is 20 micrometers or less, The 
multi-slot roller made from the ceramics of the wire saw by which it is characterized. 
[Claim 6] Claims 1, 2, 3, and 4 to which dispersion in the diameter of the wire slot of the 
one multi-slot roller made from the ceramics is characterized by being 30 micrometers or 
less, or the multi-slot roller made from the ceramics of a wire saw given in five. 
[Claim 7] Claims 1, 2, 3, and 4 to which accumulation of the error of the slot pitch of the 
one multi-slot roller made from the ceramics is characterized by being 30 micrometers or 
less, or the multi-slot roller made from the ceramics of a wire saw given in five. 
[Claim 8] Claims 1, 2, 3, and 4 characterized by for dispersion in the diameter of the wire 
slot of the one multi-slot roller made from the ceramics being 30 micrometers or less, and 
accumulation of the error of the pitch of this wire slot being 30 micrometers or less, or 
the multi-slot roller made from the ceramics of a wire saw given in five. 
[Claim 9] Claims 3 and 4 characterized by the sum total of dispersion in the diameter of 
the wire slot of each multi-slot roller of the two multi-slot roller made from the ceramics 
which counters a workpiece being 60 micrometers or less, or the multi-slot roller made 
from the ceramics of a wire saw given in five. 

[Claim 10] Claims 3 and 4 characterized by the mutual cumulative error of the slot pitch 
of the wire slot which faces of the two multi-slot roller made from the ceramics which 
counters a workpiece being 60 micrometers or less, or the multi-slot roller made from the 
ceramics of a wire saw given in five. 

[Claim 11] Claims 3 and 4 characterized by for the sum total of dispersion in the diameter 
of the wire slot of each multi-slot roller of the two multi-slot roller made from the 
ceramics which counters a workpiece being 60 micrometers or less, and the mutual 



/i%;//wwwC^ 8/30/2004 



THIS PAGE BLANK (uspio) 



Page 3 of 3 

cumulative error of the slo^^ch of this wire slot that faces^hg 60 micrometers or less, 
or the multi-slot roller made from the ceramics of a wire saw given in five. 

tr. — : : : : 

[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is further described about the wire saw 
which cuts silicon, the magnetic substance, Xtal, etc., it relates to the multi-slot roller 
made from the ceramics of a wire saw. 
[0002] 

[Description of the Prior Art] The wire saw is equipped with two or more multi-slot 
rollers which stretched the wire, and cuts workpieces (work piece), such as silicon, the 
magnetic substance, Xtal, and ceramics, by rotating this multi-slot roller and carrying out 
rectilinear motion of this wire. 

[0003] The conventional multi-slot roller is formed with resin, for example, nylon, and 
two or more wire slots are established in the front face. Although usually formed in 0.5- 
lmm, since that quality of the material is flexible and workability is also good, while 
processing of a wire slot is easy for this wire depth of flute, since it tends to wear it out, it 
has a problem in endurance. Then, in order to solve said problem in recent years, the 
roller made from the ceramics is used (refer to JP,63-237863,A). 
[0004] 

[Problem (s) to be Solved by the Invention] The degree of hardness of the ceramics is 
remarkably high compared with nylon, for example, although the Rockwell hardness of 
66 nylon is R112, since the degree of hardness of the ceramics whose content of an 
alumina is 97% is too high, the measurement with Rockwell hardness is impossible. 
Then, it was Hvl400 when the Vickers hardness of this ceramics was measured. This 
Hvl400 is too high and the comparison with Rockwell hardness cannot do it. 
[0005] Deformation or a wire expanded and contracted, and when the wire slot of a 
multi-slot roller was formed from nylon, the wire slot was compensating the precision 
error of a wire slot. However, since a wire slot does not deform when this wire slot is 
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formed with the ceramics, mxy when a wire expands and cdWacts all the precision errors 
of a wire slot, it must compensate. Many [ therefore, / when a wire slot is formed with the 
ceramics / farther than the case where the stress concerning a wire has a wire slot formed 
from nylon ] 

[0006] The multi-slot roller made from the ceramics of a wire saw must form a wire slot 
from the above-mentioned situation in a precision far higher than the multi-slot roller 
made of nylon. 

[0007] The multi-slot roller made of nylon had processed the wire slot by cutting by the 
cutting tool using NC engine lathe. However, when processing the wire slot of the roller 
made from the ceramics, since a degree of hardness is very high, the ceramics becomes a 
grinding process by the diamond wheel using NC cylindrical grinder as mentioned above. 
Therefore, while the time amount which processing takes compared with the 
conventional example becomes remarkably long, processing costs also come to increase. 
[0008] Moreover, grinding stones may have to be exchanged, as wear at the tip of a 
grinding stone is intense and is recessing of the one multi-slot roller made from the 
ceramics. However, if this grinding stone is exchanged, it will be difficult to double with 
the condition in front of exchange of the physical relationship of a wire slot and this 
grinding stone precisely, and it will become the error factor of the slot pitch of a result 
wire slot. Therefore, a wire slot cannot be precisely formed as a design, but it may 
become the cause of derailment and an open circuit. 

[0009] Then, it is possible by making the wire depth of flute shallower than the 
conventional multi-slot roller made of nylon to solve said problem. However, if a wire 
slot is made shallow, it will become easy to generate derailment of a wire, and if a wire 
derails, the workpiece under cutting (work piece) will be spoiled. 

[0010] Moreover, since the multi-slot roller made from the ceramics does not almost have 
deformation as mentioned above, high tension is used for a wire from the multi-slot roller 
made of nylon in many cases for the improvement in process tolerance, and the 
improvement in working speed, hanging on it. Furthermore, in order that this multi-slot 
roller may reduce the amount of shaving of a workpiece (work piece), and in order to cut 
much quantity at once, the wire of a thin path, for example, piano wire with a diameter of 
0.1mm, is used. Therefore, if many loads are applied to a wire even when it is smaller 
than a design value on a wire, it will disconnect. 

[0011] Furthermore, in recent years, diversification of a workpiece (work piece) 
progresses and the slot pitch of the wire slot demanded in connection with it is also 
crossed to a variety. When processing a workpiece into ultrathin especially, less than 
[ slot pitch 0.2mm ] is required, but if this slot pitch becomes small, naturally in 
proportion to it, slot Mayama's summit-of-the-mountain flight width will also become 
small. However, since the multi-slot roller made from the ceramics is a hard and brittle 
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nature ingredient, if a sumwK-of-the-mountain flight width ^ffnade small, a chipping will 
generate it in slot Mayama at the time of wire recessing. Therefore, it becomes difficult to 
form slot Mayama as a design. When slot Mayama cannot form as a design, derailment of 
a wire and an open circuit occur or it has a bad influence also on the process tolerance of 
a workpiece (work piece). 

[0012] This invention is making it a chipping not occur in view of the above-mentioned 
situation at the time of recessing. Other purposes aim at making it derailment and an open 
circuit not arise while they make the wire depth of flute shallower than that of the 
conventional example. 
[0013] 

[Means for Solving the Problem] the multi-slot roller made from the ceramics of a wire 
saw with which this invention is characterized by forming the content of an alumina for 
the slot formation part of; this multi-slot roller made from the ceramics with 90% or more 
of ceramics in the multi-slot roller made from the ceramics of the wire saw which has two 
or more wire slots and slot Mayama on the front face - it comes out. the multi-slot roller 
made from the ceramics of a wire saw with which this invention is characterized by 
forming the slot formation part of; this multi-slot roller made from the ceramics in a front 
face with the ceramics with a flexural strength of 3500kg/cm2 or more in the multi-slot 
roller made from the ceramics of the wire saw which has two or more wire slots and slot 
Mayama ~ it is. 

[0014] Two or more multi-slot rollers which this invention has two or more wire slots on 
a front face, and are arranged in parallel, The wire which is wound around the 
surroundings of two or more of these multi-slot rollers, and is guided by the wire slot, In 
the multi-slot roller made from the ceramics of a wire saw with which two, a preparation 
and this multi-slot roller, or more consist of multi-slot rollers made from the ceramics the 
wire depth of flute of; this multi-slot roller made from the ceramics It is 50-500 
micrometers, the deflection of the radial direction of the wire slot to the green sand core 
shaft of this multi-slot roller is 20 micrometers or less, and the deflection of the axial 
direction of the wire slot to the green sand core shaft of this multi-slot roller is 20 
micrometers or less, the multi-slot roller made from the ceramics of the wire saw by 
which it is characterized — it comes out. In this invention dispersion in the diameter of 
the wire slot of the one multi-slot roller made from the ceramics So that it may be 30 
micrometers or less and accumulation of the error of the pitch of this wire slot may be 30 
micrometers or less form or Moreover, you may form so that the sum total of dispersion 
in the diameter of the wire slot of each multi-slot roller of the two multi-slot roller made 
from the ceramics which counters a workpiece may be 60 micrometers or less and the 
mutual cumulative error of the slot pitch which this wire slot faces may be 60 
micrometers or less. 
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[Embodiment of the Invention] When this invention person was narrow, for example, slot 
Mayama's summit-of-the-mountain flight width was set to 40 micrometers or less, he 
experimented in whether a chipping occurs or not, having thought that that a chipping 
occurs would not have a problem in the quality of the material, and changing the content 
of an alumina component. Consequently, when the content of an alumina became 90% or 
more and flexural strength became 3500kg/cm2 or more, it turned out that a chipping 
does not occur, for example even if set to 40 micrometers even if slot Mayama's summit- 
of-the-mountain flight width becomes narrow. Then, we decided that the content of an 
alumina adopts 90% or more of ceramics, or the ceramics with a flexural strength of 
3500kg/cm2 or more as the quality of the material of the multi-slot roller made from the 
ceramics. 

[0016] what a wire tends to derail or disconnect this invention person to in the case of the 
multi-slot roller made from the ceramics ~ a wire slot — the multi-slot roller made of 
nylon - comparing ~ deformation ~ **** - I thought that it was because it is few. That 
is, although the wire slot is compensating precision, such as a deflection of the wire slot 
of a multi-slot roller, with the multi-slot roller made of nylon when deformation or a wire 
develops, most adjustments by deformation of a wire slot cannot be found, and are 
compensating all precision with the multi-slot roller made from the ceramics only with 
the wire. 

[0017] Although what is necessary is just to form a wire slot precisely so that it may be 
without error to a design value in order to prevent derailment of a wire, and an open 
circuit, it is very difficult to form such. Then, when this invention person pursued the 
cause of derailment and an open circuit, it turned out that the main cause is in the 
deflection (henceforth the deflection of the axial direction) of the axial direction of the 
wire slot to the green sand core shaft of a multi-slot roller, and the deflection (henceforth 
the deflection of a radial direction) of the radial direction of the wire slot to the green 
sand core shaft of a multi-slot roller. 

[0018] Then, even if these deflections arose, when it asked for the range which is not 
derailed and disconnected, i.e., the tolerance of a deflection, 20 micrometers or less of 
deflections of 20 micrometers or less and a radial direction came out [ the wire depth of 
flute / the deflection of the axial direction ] in the wire slot of the 50-500-micrometer 
multi-slot roller made from the ceramics, and a certain thing was understood. 
[0019] Furthermore, when the following conditions were fulfilled, it turned out that it is 
more desirable. 

(1) The path of the bay which connects the point that the path and wire of the path of the 
wire slot of an one multi-slot roller, i.e., the groove bottom of a wire slot, contact the 
both-sides wall of a wire slot, and ********** should be 30 micrometers or less. 
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(2) The path of the bay whWr connects the point that the parMnd wire of the diameter of 
the wire slot of each of this **** roller of the two multi-slot roller made from the 
ceramics which counters a workpiece, i.e., the groove bottom of a wire slot, contact the 
both-sides wall of a wire slot, and the sum total of ********** should be 60 micrometers 
or less. 

[0020] (3) The slot pitch cumulative error of the wire slot of an one multi-slot roller 
should be 30 micrometers or less. 

(4) The cumulative error of the slot pitch of the wire slot where the two multi-slot roller 
made from the ceramics which counters a workpiece faces should be 60 micrometers or 
less. Then, it decided to adopt the wire slot in the above tolerance as processing 
conditions. 

[0021] In addition, although the wire slot of the multi-slot roller made from the ceramics 
must be formed so that a wire can be attached, **** selection of the configuration, 
magnitude, the number, etc. is made if needed. For example, it is made a configuration to 
which a wire contacts the groove bottom of a wire slot, and is formed in a configuration 
to which a wire contacts the both-sides wall of a wire slot. 

[0022] Moreover, 90% or more of purity, i.e., the content of an alumina, is used for 90% 
or more of ceramics, a zirconia, silicon carbide, silicon nitride, etc. as ceramics which 
forms a multi-slot roller. 
[0023] 

[Example 1] Drawing 1 - drawing 6 explain the first example of this invention, the multi- 
slot roller 1 made from the ceramics of a wire saw is formed in the bell shape with the 
ceramics, the outer diameter D comes out 40mm, and the bore of Id comes out out of 
20mm and die length Ln 100mm. As this ceramics, the ceramics whose content of an 
alumina is 90 97%% or more, for example, purity, is used. 

[0024] The reinforcement member 5 is formed in the centrum 2 of this multi-slot roller 1. 
This reinforcement member 5 is the disk configuration of the shape of the said heart 
formed in this multi-slot roller 1 and one. 5t in thickness of the reinforcement member 5 
of this disk configuration — the same thickness as thickness lt=10mm of the multi-slot 
roller 1 — it comes out, it is, and although both ratio of wall thickness to outside diameter 
lt/5t is 1, this ratio of wall thickness to outside diameter lt/5t is chosen in consideration 
of the rigidity of a multi-slot roller etc. 

[0025] Although one reinforcement member 5 of a disk configuration is formed, when 
**** selection also of this arrangement number is made in consideration of the die length 
Ln of this multi-slot roller 1 etc., for example, the reinforcement member 5 of three disk 
configurations is arranged in the direction of green sand core shaft C at equal intervals, 
the reinforcement member 5 may be omitted conversely. 
[0026] In the reinforcement member 5 of a disk configuration, five holes 6 for 
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lightweight-izing are establBned, and lightweight-ization of^ie reinforcement member 5 
is attained by this hole 6 for lightweight-izing to it. In consideration of the rigidity of the 
multi-slot roller 1 demanded, **** selection of the location of this hole 6 for lightweight- 
izing, the number, the configuration, etc. is made, for example, the hole 6 for lightweight- 
izing has not penetrated, or the eight polygon-like holes 6 for lightweight-izing are 
adopted. 

[0027] Spacing is set in surface la of this multi-slot roller, and two or more wire slots 10 
are formed in the direction of green sand core shaft C at it. This wire slot 10 is precisely 
processed based on engineering drawing with NC cylindrical grinder which is not 
illustrated. For example, the wire channel depth 10d=0.12mm, the slot include angle of 
theta= 60 degrees, the slot pitch of P= 0.24mm, a flute width = it is formed in 0.2mm, slot 
Mayama's summit-of-the-mountain flight width of W= 0.04mm, and 296 slots. 
[0028] The metal supporter material 30 formed disc-like is formed in both-ends le of this 
multi-slot roller 1. A shank 31 is arranged in the center section of outside 30a of this 
metal supporter material 30, and the fitting section 33 is formed in the periphery section 
of the inside 30b. Although fitting of this fitting section 33 is carried out to edge le of the 
multi-slot roller 1, these both sections 33 and le are pasted up with the adhesives 35, such 
as an epoxy resin. 

[0029] Since these Ryobe's 33 and le junction die length L33 is very shorter than the die 
length Ln of the multi-slot roller 1, a temperature change arises by operating the 
equipment of a wire saw, and even if both expand, contract and displace, Ryobe's 
junction condition is maintained. In addition, as for this metal supporter material 30, it is 
desirable to be formed in a disk configuration with the ingredient of coefficient of 
thermal expansion [ **** / the same as that of the coefficient of thermal expansion of the 
ceramics or ], although iron, steel, etc. are generally used, for example, titanium, a 
titanium alloy, etc. are used as this ingredient. 

[0030] Next, actuation of a wire saw is explained. The multi-slot roller attachment part of 
the wire saw which is not illustrated is equipped with the shank 31 of the multi-slot roller 
1. The wire 50 of one 0.12mm diameter is twisted around the wire slot 10 which faces, 
surrounding two or more of these multi-slot rollers 1 with which it was equipped, and 
much wire train 50A is formed, at this time, dispersion with a diameter [ the diameter of 
lOn of the wire slot of an one multi-slot roller ], i.e., the diameter of wire groove bottom 
10R, and a diameter [ of bay 10W which connect the contacting point that lOf of side 
attachment walls and the wire of both sides of a wire slot contact ] of 10m is 30 
micrometers or less, and 30 micrometers or less of cumulative errors of the slot pitch P of 
this wire slot come out. 

[0031] Moreover, the sum total of dispersion in the diameter of the wire slot of each 
multi-slot roller of the two multi-slot roller made from the ceramics which counters the 
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workpiece currently used ™nin 1 equipment, Namely, the wfmeter of lOn of wire 
groove bottom 10R of each multi-slot roller made from the ceramics, The sum total of 
dispersion with a diameter [ of bay 10W which connect the contacting point that lOf of 
side attachment walls and the wire of both sides of a wire slot contact ] of 10m is 60 
micrometers or less, and the accumulation of the mutual error of the slot pitch P which 
the multi-slot roller made from the ceramics which faces faces is 60 micrometers or less. 
[0032] Round trip or one direction rectilinear motion of the wire train 50A is carried out 
like an arrow head A50 by reversal-going or one direction rotating a multi-slot roller, the 
deflection of radial direction AR of the wire slot 10 to the green sand core shaft C of the 
multi-slot roller 1 made from the ceramics at this time is 20 micrometers or less, and 20 
micrometers or less of deflections of the axial direction AX of the wire slot 10 to the 
green sand core shaft C of this multi-slot roller 1 made from the ceramics come out of it. 
[0033] While pressing Workpiece (work piece) BW against this wire 50, abrasives are cut 
from the regurgitation nozzle which is not illustrated, making an abrasive material 
intervene between discharge and both. 

[0034] Although inertial force occurs with rotation of this multi-slot roller 1 made from 
the ceramics, since this multi-slot roller 1 is very lightweight compared with the 
conventional example, it will become very small [ that inertial force ]. 
[0035] Moreover, although a temperature change may arise at the time of operation of a 
wire saw and both this multi-slot roller 1 made from the ceramics and the metal supporter 
material 30 may expand and contract, if both 1 and 30 are in abbreviation etc. by carrying 
out and coefficient of thermal expansion is made from them, since it expands and 
contracts in coincidence at an abbreviation same rate and the exfoliation like jointing etc. 
will not occur, it is desirable. 

[0036] Although the deflection of a wire slot occurs at the time of operation of the above- 
mentioned wire saw, the deflection of radial direction AR of the wire slot 10 to the green 
sand core shaft C of this multi-slot roller 1 is 20 micrometers or less, and the deflection of 
the axial direction AX of the wire slot 10 to the green sand core shaft C of this multi-slot 
roller 1 is 20 micrometers or less. 

[0037] As a result of performing cutting processing of the silicon whose diameter is 8 
inches in the wire saw which used the above-mentioned multi-slot roller made from the 
ceramics, derailment of a wire, an open circuit, etc. did not occur, and exfoliation of the 
ceramic section and metal supporter material etc. was not seen, but the dimensional 
accuracy of the wafer which is a workpiece was able to maintain 5 micrometers or more, 
and was able to be processed. 

[0038] The tolerance of the deflection of the wire slot of radial direction AR to the green 
sand core shaft C of the multi-slot roller 1 made from the ceramics in this example is 
called for also by count. The tolerance of this deflection shows the limitation of the 
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deflection which derailmeffl^enerates. 

[0039] Next, said tolerance is calculated by drawin g 6 which is the derailment nomogram 
of this example. Although various causes are put together and derailment of the wire of a 
wire saw is generated, the progress of the derailment is as follows. 

(1) In order that the wire which has run from the next wire slot may enter aslant to a wire 
slot, a wire 50 contacts lOf of side attachment walls of this wire slot like [ near B of 
drawin g 6 ]. 

[0040] (2) This wire receives rotation of the multi-slot roller 1 made from the ceramics, 

and the force to the direction of a periphery of lOf of side attachment walls. 

(3) The green sand core shaft C spacing L between the two multi-slot rollers which 

counters becomes short by the deflection of radial direction AR of the wire slot of the 

multi-slot roller made from the ceramics, and a wire 50 loosens and derails. 

[0041] The following relational expression is called for from drawing 6 which shows the 

time of this derailment. 

Y+z=L+l+delta x (1) 

costheta=r/(r+t) (2) 

l=2pi rxtheta / 360 (3) 

r2+z2=(r+t)2 (4) 

(L-delta x) 2+t2=y2 (5) 

[0042] In the above-mentioned formula, the amount of deflections of the wire slot of a 
precise distance, the die length of l:radii, an nmulti-slot roller, and the radius of the 
contact part of a wire, the wire migration length at the time of t:derailment initiation and 
a deltax:multi-slot roller is shown theoretically between L:multi-slot rollers, respectively. 
[0043] The above-mentioned formula (1) From - (5), the deflection of the wire slot of the 
multi-slot roller which derailment generates is searched for. Next, the example of count is 
shown. 

The example 1 of count: The conditions for calculating the amount delta x of deflections 
of the wire slot of the multi-slot roller which derailment generates. 
L= 100 Unit [mm] 
r= 20t=0.4[0044] 

(2) Formula COStheta=20/(20+0.4) =0.98039 Theta=COS - 10.98039= 11.365 degrees 

(3) types l=2pix20xl 1.365 / 360= 3.9.671 (4) types Z=root (r+t) (2-r2) 
= root (20+0.4) (2-202) 

= 4.0200 [0045] From (1) and (5) types (L-delta x) 2+t2=(L+l+delta x-z) 2 therefore 
(100-deltax) 2+0.42 = (100+3.967-4.0200+deltax) [ 2 ] 10000-200delta x+delta x2 +0.16 
=9989.4028+199.894deltax+2deltax2 therefore deltax2+399.894deltax-10.757=0 
deltax=26.9[mum] [0046] The example 2 of count: The conditions for calculating the 
amount delta x of deflections of the wire slot of the multi-slot roller which derailment 
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generates. 
L= 100 Unit [mm] 

r= It calculates like the example 1 of 30t=0.4 count, and is deltax=21.7[mum]. 

[0047] Although the amount delta x of deflections of the wire slot of the multi-slot roller 

made from the ceramics was calculated by the above-mentioned example of count, as for 

the deflection of radial direction AR of a wire slot to the green sand core shaft C of the 

multi-slot roller made from the ceramics, it is desirable to manufacture so that it may be 

set to 20 micrometers or less from said examples 1 and 2 of count. 

[0048] 

[Example 2] Drawing 7 explains the 2nd example of this invention. The difference of this 
example and 1st example is as follows, the cross-section configuration of the wire slot 10 
— setting — slot include-angle thetal=90 degree of a base, and the slot include angle theta 
of a side attachment wall - they are 2= 10 degrees, the flute width of B= 0.3mm, slot 
Mayama's summit-of-the-mountain flight width of W= 0.1mm, channel depth 
10d=0.3mm, and slot pitch =0.4mm. 
[0049] 

[Example 3] Drawing 8 explains the 3rd example of this invention. The next experiment 
was conducted in order to know the relation between the alumina content (purity %) of 
the multi-slot roller made from the ceramics or flexural strength, and the summit-of-the- 
mountain flight width of slot Mayama whom a chipping does not generate at the time of 
processing. As shown in drawing 8 , the maximum summit-of-the-mountain flight width 
W as which 1 micrometer of wire slots 10 of the same configuration is narrowed from 
each pitch 0.4mm on the multi-slot roller 1 made from the ceramics with which alumina 
contents differ, and generating of a chipping is regarded in this each **** roller was 
investigated. In addition, the processing conditions are as follows. 
[0050] processing machine: — NC cylindrical-grinder grinding stone: — the result of a 
diamond wheel, the grain-size #400 processing work-piece (alumina material): diameter 
of 65mm, the die-length rotational frequency [ of 100mm ] 200rpm processing quirk - 
like:slot include angle of theta= 60 degrees, and a channel depth 10d= 0.15mm 
experiment is shown in Table 1 and drawing 9 , and drawing 10 . 
[0051] 
[Table 1] 
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[0052] Drawing 9 is drawing showing the relation between an alumina content (axis-of- 
abscissa %), i.e., alumina purity, and a chipping generating summit-of-the-mountain 
flight width (axis-of-ordinate mum). In this drawing, as for the 2nd experimental result 
and the trigonum mark, the 1st experimental result and the square mark show an average 
for a round mark, as for the 3rd experimental result and x mark. 
[0053] Drawing 10 is drawing showing the relation between alumina purity (axis-of- 
abscissa %), a chipping generating summit-of-the-mountain flight width (left axis-of- 
ordinate mum), and flexural strength (right axis-of-ordinate kg/cm2). In this drawing, the 
square mark shows a summit-of-the-mountain flight width, and a round mark shows 
flexural strength. 

[0054] Table 1 and drawing 9 , and drawing 10 showed that 75% of alumina contents, 
88% of thing or the flexural strength of 2300kg/cm2, and the summit-of-the-mountain 
flight width of a 2700kg/cm2 thing had the large quality of the material 2 or 3 or more 
times compared with the summit-of-the-mountain flight width of a thing (90% of alumina 
purity, 92%, 97%, and 99.5% of thing or the flexural strength of 3500kg/cm2, 
4100kg/cm2, and 3600kg/cm2). That is, it turned out that a chipping does not occur even 
if it will make extremely narrow the summit-of-the-mountain flight width W, if the 
content of an alumina becomes 90% or more or the flexural strength of 3500kg/cm2 or 
more. 
[0055] 

[Example 4] The 4th example of this invention is explained. The chipping was not 
generated, although the diamond wheel was used for the multi-slot roller with a diameter 
of 60mm which consists of an alumina of 97% of purity made from the ceramics and the 
wire slot with a slot pitch [ of P= 0.3mm ] and a summit-of-the-mountain flight width [ of 
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slot Mayama ] of W= 50 rifcometers was processed into it^^hen the wire saw was 
equipped with this multi-slot roller and ultra-thin cutting processing of Xtal was 
performed, cutting with a as precise thickness precision as 5 micrometers or more was 
performed. Although the wire slot was ground faint [ every ] with the abrasive grain 
adhering to a wire and was worn out, it was able to maintain the above-mentioned 
precision over the long time of 300 hours, and was able to perform cutting processing. 
[0056] 

[Example 5] The 5th example of this invention is explained. Although the diamond wheel 
was used for the multi-slot roller made from the ceramics of the same specification as the 
above which consists of an alumina of 97% of purity and the wire slot with a wire slot 
pitch [ of P= 0.25mm ] and a summit-of-the-mountain flight width [ of slot Mayama ] of 
W= 40 micrometers was processed into it, the chipping was not generated like the 
example 4. When the wire saw was equipped with this multi-slot roller and ultra-thin 
cutting processing of the magnetic substance was performed, it came out to maintain 5 
micrometers or more like the above, and the thickness precision of a work piece came. 
[0057] 

[Example 6] Drawing 11 explains the 6th example of this invention. A roller does not 
necessarily need to form all with said ceramics, and if the slot formation part is formed 
with said ceramics, it is sufficient for it. The example is as follows. 
(1) As shown in drawing 11 (A), form the cylindrical periphery section 81 made from 
said ceramics with which the wire slot 10 stuck to the metal pipe 80. The stop member 83 
for an applied part 82 being formed in the both ends of this metallic pipe 80, and fixing 
the periphery section 81 to an end is formed. 

[0058] (2) As shown in drawing 11 (B), form the cylindrical periphery section 91 made 
from said ceramics with which the wire slot 10 stuck to the metal pipe 90. The **-like 
ring part 92 is formed, the reinforcement disk 95 with which the hole 94 opened is 
formed in a centrum 93, and the lid 96 which fixes this periphery section 91 is fixed to 
other end 90b by end 90a. 
[0059] 

[Example 7] Drawing 12 explains the 7th example of this invention. A slot formation part 
is formed with said ceramics, and this example as well as said 6th example is a case. 
(3) As shown in drawing 12 (A), form the cylindrical periphery section 101 made from 
said ceramics with which the wire slot 10 stuck to the metal pipe 100. The bearing shank 

105 is formed in end 2100a of this metal pipe 100, and the truncated-cone-like bearing 

106 is formed in other end 100b. The cylindrical crevice 107 is formed in the periphery 
of this pipe 100, and said cylindrical periphery section 101 is being attached and fixed to 
this crevice 107. 

[0060] (4) As shown in drawing 12 (B), form the cylindrical periphery section 111 made 
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from said ceramics with wHi the wire slot 10 stuck to theiftal pipe 110. The 
truncated-cone- like bearings 115 and 116 are formed in the both ends of this metal pipe 
110. The cylindrical crevice 117 is formed in the periphery of this pipe 110, and said 
cylindrical periphery section 111 is attached and fixed to it by this crevice 117. 
[0061] 

[Example 8] Drawing 13 explains the 7th example of this invention. In said example, 
although the slot formation part was formed with said ceramics, this whole multi-slot 
roller made from the ceramics can also be formed with said ceramics. The example is as 
follows. 

(1) As shown in drawing 13 (A), form the bell shape roller 120 with said ceramics, and 
form the wire slot 10 in the periphery section 121 of this roller. Since this roller 120 does 
not have a reinforcement member into a centrum 123 unlike said 1st example, in order to 
maintain reinforcement, that thickness Rt is thicker than that of the 1st example, for 
example, is formed in twice as many thickness as this. 

[0062] (2) As shown in drawing 13 (B), form the bell shape roller 130 with said ceramics, 
and form the wire slot 10 in the periphery section 131 of this roller 130. The bearing 
shank 135 is formed in the end of this roller 130, and the truncated-cone-like bearing 136 
is formed in the other end. In addition, the bearing shank 135 is covered with the metal 
138, in order to improve concordance with bearing. 
[0063] 

[Effect of the Invention] This invention does the following remarkable effectiveness so. 
(1) Since the roller made from the ceramics is formed with the ceramics beyond alumina 
90%, even if it narrows wire slot Mayama's summit-of-the-mountain width of face, a 
chipping does not occur. Therefore, compared with the conventional example, the slot 
pitch of a wire slot can be sharply made small. 

[0064] (2) Since the roller made from the ceramics is formed with the ceramics with a 
flexural strength of 3500kg/cm2 or more, even if it narrows wire slot Mayama's summit- 
of-the-mountain width of face, a chipping does not occur. Therefore, compared with the 
conventional example, the slot pitch of a wire slot can be sharply made small. 
[0065] (3) Since this wire depth of flute is 50-500 micrometers, the deflection of the 
radial direction of the wire slot to the medial axis of this roller is 20 micrometers or less 
and the deflection of the axial direction of the wire slot to the medial axis of this roller is 
20 micrometers or less, compared with the conventional example, the wire depth of flute 
becomes shallow, and even if it makes it shallow, neither derailment nor an open circuit 
occurs. Therefore, the floor to floor time and costs of a wire slot decrease remarkably 
compared with the conventional example. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] When this invention is further described about the wire saw 
which cuts silicon, the magnetic substance, Xtal, etc., it relates to the multi-slot roller 
made from the ceramics of a wire saw. 



[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] The wire saw is equipped with two or more multi-slot 
rollers which stretched the wire, and cuts workpieces (work piece), such as silicon, the 
magnetic substance, Xtal, and ceramics, by rotating this multi-slot roller and carrying out 
rectilinear motion of this wire. 

[0003] The conventional multi-slot roller is formed with resin, for example, nylon, and 
two or more wire slots are established in the front face. Although usually formed in 0.5- 
lmm, since that quality of the material is flexible and workability is also good, while 
processing of a wire slot is easy for this wire depth of flute, since it tends to wear it out, it 
has a problem in endurance. Then, in order to solve said problem in recent years, the 
roller made from the ceramics is used (refer to JP,63-237863,A). 
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EFFECT OF THE INVENTION 

[Effect of the Invention] This invention does the following remarkable effectiveness so. 
(1) Since the roller made from the ceramics is formed with the ceramics beyond alumina 
90%, even if it narrows wire slot Mayama's summit-of-the-mountain width of face, a 
chipping does not occur. Therefore, compared with the conventional example, the slot 
pitch of a wire slot can be sharply made small. 

[0064] (2) Since the roller made from the ceramics is formed with the ceramics with a 
flexural strength of 3500kg/cm2 or more, even if it narrows wire slot Mayama's summit- 
of-the-mountain width of face, a chipping does not occur. Therefore, compared with the 
conventional example, the slot pitch of a wire slot can be sharply made small. 
[0065] (3) Since this wire depth of flute is 50-500 micrometers, the deflection of the 
radial direction of the wire slot to the medial axis of this roller is 20 micrometers or less 
and the deflection of the axial direction of the wire slot to the medial axis of this roller is 
20 micrometers or less, compared with the conventional example, the wire depth of flute 
becomes shallow, and even if it makes it shallow, neither derailment nor an open circuit 
occurs. Therefore, the floor to floor time and costs of a wire slot decrease remarkably 
compared with the conventional example. 
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TECHNICAL PROBLEM 

[Problem (s) to be Solved by the Invention] The degree of hardness of the ceramics is 
remarkably high compared with nylon, for example, although the Rockwell hardness of 
66 nylon is R112, since the degree of hardness of the ceramics whose content of an 
alumina is 97% is too high, the measurement with Rockwell hardness is impossible. 
Then, it was Hvl400 when the Vickers hardness of this ceramics was measured. This 
Hvl400 is too high and the comparison with Rockwell hardness cannot do it. 
[0005] Deformation or a wire expanded and contracted, and when the wire slot of a 
multi-slot roller was formed from nylon, the wire slot was compensating the precision 
error of a wire slot. However, since a wire slot does not deform when this wire slot is 
formed with the ceramics, only when a wire expands and contracts all the precision errors 
of a wire slot, it must compensate. Many [ therefore, / when a wire slot is formed with the 
ceramics / farther than the case where the stress concerning a wire has a wire slot formed 
from nylon ] 

[0006] The multi-slot roller made from the ceramics of a wire saw must form a wire slot 
from the above-mentioned situation in a precision far higher than the multi-slot roller 
made of nylon. 

[0007] The multi-slot roller made of nylon had processed the wire slot by cutting by the 
cutting tool using NC engine lathe. However, when processing the wire slot of the roller 
made from the ceramics, since a degree of hardness is very high, the ceramics becomes a 
grinding process by the diamond wheel using NC cylindrical grinder as mentioned above. 
Therefore, while the time amount which processing takes compared with the 
conventional example becomes remarkably long, processing costs also come to increase. 
[0008] Moreover, grinding stones may have to be exchanged, as wear at the tip of a 
grinding stone is intense and is recessing of the one multi-slot roller made from the 
ceramics. However, if this grinding stone is exchanged, it will be difficult to double with 
the condition in front of exchange of the physical relationship of a wire slot and this 
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grinding stone precisely, aiKt will become the error factor^Pthe slot pitch of a result 
wire slot. Therefore, a wire slot cannot be precisely formed as a design, but it may 
become the cause of derailment and an open circuit. 

[0009] Then, it is possible by making the wire depth of flute shallower than the 
conventional multi-slot roller made of nylon to solve said problem. However, if a wire 
slot is made shallow, it will become easy to generate derailment of a wire, and if a wire 
derails, the workpiece under cutting (work piece) will be spoiled. 

[0010] Moreover, since the multi-slot roller made from the ceramics does not almost have 
deformation as mentioned above, high tension is used for a wire from the multi-slot roller 
made of nylon in many cases for the improvement in process tolerance, and the 
improvement in working speed, hanging on it. Furthermore, in order that this multi-slot 
roller may reduce the amount of shaving of a workpiece (work piece), and in order to cut 
much quantity at once, the wire of a thin path, for example, piano wire with a diameter of 
0.1mm, is used. Therefore, if many loads are applied to a wire even when it is smaller 
than a design value on a wire, it will disconnect. 

[0011] Furthermore, in recent years, diversification of a workpiece (work piece) 
progresses and the slot pitch of the wire slot demanded in connection with it is also 
crossed to a variety. When processing a workpiece into ultrathin especially, less than 
[ slot pitch 0.2mm ] is required, but if this slot pitch becomes small, naturally in 
' proportion to it, slot Mayama's summit-of-the-mountain flight width will also become 
small. However, since the multi-slot roller made from the ceramics is a hard and brittle 
nature ingredient, if a summit-of-the-mountain flight width is made small, a chipping will 
generate it in slot Mayama at the time of wire recessing. Therefore, it becomes difficult to 
form slot Mayama as a design. When slot Mayama cannot form as a design, derailment of 
a wire and an open circuit occur or it has a bad influence also on the process tolerance of 
a workpiece (work piece). 

[0012] This invention is making it a chipping not occur in view of the above-mentioned 
situation at the time of recessing. Other purposes aim at making it derailment and an open 
circuit not arise while they make the wire depth of flute shallower than that of the 
conventional example. 
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MEANS 

[Means for Solving the Problem] the multi-slot roller made from the ceramics of a wire 
saw with which this invention is characterized by forming the content of an alumina for 
the slot formation part of; this multi-slot roller made from the ceramics with 90% or more 
of ceramics in the multi-slot roller made from the ceramics of the wire saw which has two 
or more wire slots and slot Mayama on the front face — it comes out. the multi-slot roller 
made from the ceramics of a wire saw with which this invention is characterized by 
forming the slot formation part of; this multi-slot roller made from the ceramics in a front 
face with the ceramics with a flexural strength of 3500kg/cm2 or more in the multi-slot 
roller made from the ceramics of the wire saw which has two or more wire slots and slot 
Mayama - it is. 

. [0014] Two or more multi-slot rollers which this invention has two or more wire slots on 
a front face, and are arranged in parallel, The wire which is wound around the 
surroundings of two or more of these multi-slot rollers, and is guided by the wire slot, In 
the multi-slot roller made from the ceramics of a wire saw with which two, a preparation 
and this multi-slot roller, or more consist of multi-slot rollers made from the ceramics the 
wire depth of flute of; this multi-slot roller made from the ceramics It is 50-500 
micrometers, the deflection of the radial direction of the wire slot to the green sand core 
shaft of this multi-slot roller is 20 micrometers or less, and the deflection of the axial 
direction of the wire slot to the green sand core shaft of this multi-slot roller is 20 
micrometers or less, the multi-slot roller made from the ceramics of the wire saw by 
which it is characterized — it comes out. In this invention dispersion in the diameter of 
the wire slot of the one multi-slot roller made from the ceramics So that it may be 30 
micrometers or less and accumulation of the error of the pitch of this wire slot may be 30 
micrometers or less form or Moreover, you may form so that the sum total of dispersion 
in the diameter of the wire slot of each multi-slot roller of the two multi-slot roller made 
from the ceramics which counters a workpiece may be 60 micrometers or less and the 
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slot pitch which this wire slo^fcc 



mutual cumulative error slot pitch which this wire sloWces may be 60 
micrometers or less. 
[0015] 

[Embodiment of the Invention] When this invention person was narrow, for example, slot 
Mayama's summit-of-the-mountain flight width was set to 40 micrometers or less, he 
experimented in whether a chipping occurs or not, having thought that that a chipping 
occurs would not have a problem in the quality of the material, and changing the content 
of an alumina component. Consequently, when the content of an alumina became 90% or 
more and flexural strength became 3500kg/cm2 or more, it turned out that a chipping 
does not occur, for example even if set to 40 micrometers even if slot Mayama's summit- 
of-the-mountain flight width becomes narrow. Then, we decided that the content of an 
alumina adopts 90% or more of ceramics, or the ceramics with a flexural strength of 
3500kg/cm2 or more as the quality of the material of the multi-slot roller made from the 
ceramics. 

[0016] what a wire tends to derail or disconnect this invention person to in the case of the 
multi-slot roller made from the ceramics - a wire slot - the multi-slot roller made of 
nylon ~ comparing — deformation — **** — I thought that it was because it is few. That 
is, although the wire slot is compensating precision, such as a deflection of the wire slot 
of a multi-slot roller, with the multi-slot roller made of nylon when deformation or a wire 
develops, most adjustments by deformation of a wire slot cannot be found, and are 
compensating all precision with the multi-slot roller made from the ceramics only with 
the wire. 

[0017] Although what is necessary is just to form a wire slot precisely so that it may be 
without error to a design value in order to prevent derailment of a wire, and an open 
circuit, it is very difficult to form such. Then, when this invention person pursued the 
cause of derailment and an open circuit, it turned out that the main cause is in the 
deflection (henceforth the deflection of the axial direction) of the axial direction of the 
wire slot to the green sand core shaft of a multi-slot roller, and the deflection (henceforth 
the deflection of a radial direction) of the radial direction of the wire slot to the green 
sand core shaft of a multi-slot roller. 

[0018] Then, even if these deflections arose, when it asked for the range which is not 
derailed and disconnected, i.e., the tolerance of a deflection, 20 micrometers or less of 
deflections of 20 micrometers or less and a radial direction came out [ the wire depth of 
flute / the deflection of the axial direction ] in the wire slot of the 50-500-micrometer 
multi-slot roller made from the ceramics, and a certain thing was understood. 
[0019] Furthermore, when the following conditions were fulfilled, it turned out that it is 
more desirable. 

(1) The path of the bay which connects the point that the path and wire of the path of the 



hStp;/^v/ww4.ipdljpo,go-.jp/cgi-bin/tran_web_cgi^ejje 8/30/2004 



THIS PAGE BLANK (usptoj 



Page 3 of 10 



-J^roller, i.e., the groove bottom^^a 



wire slot of an one multi-swroller, i.e., the groove bottom wa wire slot, contact the 
both-sides wall of a wire slot, and ********** should be 30 micrometers or less. 
(2) The path of the bay which connects the point that the path and wire of the diameter of 
the wire slot of each of this **** roller of the two multi-slot roller made from the 
ceramics which counters a workpiece, i.e., the groove bottom of a wire slot, contact the 
both-sides wall of a wire slot, and the sum total of ********** should be 60 micrometers 
or less. 

[0020] (3) The slot pitch cumulative error of the wire slot of an one multi-slot roller 
should be 30 micrometers or less. 

(4) The cumulative error of the slot pitch of the wire slot where the two multi-slot roller 
made from the ceramics which counters a workpiece faces should be 60 micrometers or 
less. Then, it decided to adopt the wire slot in the above tolerance as processing 
conditions. 

[0021] In addition, although the wire slot of the multi-slot roller made from the ceramics 
must be formed so that a wire can be attached, **** selection of the configuration, 
magnitude, the number, etc. is made if needed. For example, it is made a configuration to 
which a wire contacts the groove bottom of a wire slot, and is formed in a configuration 
to which a wire contacts the both-sides wall of a wire slot. 

[0022] Moreover, 90% or more of purity, i.e., the content of an alumina, is used for 90% 
or more of ceramics, a zirconia, silicon carbide, silicon nitride, etc. as ceramics which 
forms a multi-slot roller. 
[0023] 

[Example 1] Drawing 1 - drawing 6 explain the first example of this invention, the multi- 
slot roller 1 made from the ceramics of a wire saw is formed in the bell shape with the 
ceramics, the outer diameter D comes out 40mm, and the bore of Id comes out out of 
20mm and die length Ln 100mm. As this ceramics, the ceramics whose content of an 
alumina is 90 97%% or more, for example, purity, is used. 

[0024] The reinforcement member 5 is formed in the centrum 2 of this multi-slot roller 1. 
This reinforcement member 5 is the disk configuration of the shape of the said heart 
formed in this multi-slot roller 1 and one. 5t in thickness of the reinforcement member 5 
of this disk configuration — the same thickness as thickness lt=10mm of the multi-slot 
roller 1 - it comes out, it is, and although both ratio of wall thickness to outside diameter 
lt/5t is 1, this ratio of wall thickness to outside diameter lt/5t is chosen in consideration 
of the rigidity of a multi-slot roller etc. 

[0025] Although one reinforcement member 5 of a disk configuration is formed, when 
**** selection also of this arrangement number is made in consideration of the die length 
Ln of this multi-slot roller 1 etc., for example, the reinforcement member 5 of three disk 
configurations is arranged in the direction of green sand core shaft C at equal intervals, 
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the reinforcement membe^Biay be omitted conversely. 
[0026] In the reinforcement member 5 of a disk configuration, five holes 6 for 
lightweight-izing are established, and lightweight-ization of the reinforcement member 5 
is attained by this hole 6 for lightweight-izing to it. In consideration of the rigidity of the 
multi-slot roller 1 demanded, **** selection of the location of this hole 6 for lightweight- 
izing, the number, the configuration, etc. is made, for example, the hole 6 for lightweight- 
izing has not penetrated, or the eight polygon-like holes 6 for lightweight-izing are 
adopted. 

[0027] Spacing is set in surface la of this multi-slot roller, and two or more wire slots 10 
are formed in the direction of green sand core shaft C at it. This wire slot 10 is precisely 
processed based on engineering drawing with NC cylindrical grinder which is not 
illustrated. For example, the wire channel depth 10d=0.12mm, the slot include angle of 
theta= 60 degrees, the slot pitch of P= 0.24mm, a flute width = it is formed in 0.2mm, slot 
Mayama's summit-of-the-mountain flight width of W= 0.04mm, and 296 slots. 
[0028] The metal supporter material 30 formed disc-like is formed in both-ends le of this 
multi-slot roller 1. A shank 31 is arranged in the center section of outside 30a of this 
metal supporter material 30, and the fitting section 33 is formed in the periphery section 
of the inside 30b. Although fitting of this fitting section 33 is carried out to edge le of the 
multi-slot roller 1, these both sections 33 and le are pasted up with the adhesives 35, such 
as an epoxy resin. 

[0029] Since these Ryobe's 33 and le junction die length L33 is very shorter than the die 
length Ln of the multi-slot roller 1, a temperature change arises by operating the 
equipment of a wire saw, and even if both expand, contract and displace, Ryobe's 
junction condition is maintained. In addition, as for this metal supporter material 30, it is 
desirable to be formed in a disk configuration with the ingredient of coefficient of 
thermal expansion [ **** / the same as that of the coefficient of thermal expansion of the 
ceramics or ], although iron, steel, etc. are generally used, for example, titanium, a 
titanium alloy, etc. are used as this ingredient. 

[0030] Next, actuation of a wire saw is explained. The multi-slot roller attachment part of 
the wire saw which is not illustrated is equipped with the shank 31 of the multi-slot roller 
1. The wire 50 of one 0.12mm diameter is twisted around the wire slot 10 which faces, 
surrounding two or more of these multi-slot rollers 1 with which it was equipped, and 
much wire train 50A is formed, at this time, dispersion with a diameter [ the diameter of 
lOn of the wire slot of an one multi-slot roller ], i.e., the diameter of wire groove bottom 
10R, and a diameter [ of bay 10 W which connect the contacting point that lOf of side 
attachment walls and the wire of both sides of a wire slot contact ] of 10m is 30 
micrometers or less, and 30 micrometers or less of cumulative errors of the slot pitch P of 
this wire slot come out. 
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[0031] Moreover, the surrWral of dispersion in the diameteiW the wire slot of each 
multi-slot roller of the two multi-slot roller made from the ceramics which counters the 
workpiece currently used within 1 equipment, Namely, the diameter of lOn of wire 
groove bottom 10R of each multi-slot roller made from the ceramics, The sum total of 
dispersion with a diameter [ of bay 10W which connect the contacting point that lOf of 
side attachment walls and the wire of both sides of a wire slot contact ] of 10m is 60 
micrometers or less, and the accumulation of the mutual error of the slot pitch P which 
the multi-slot roller made from the ceramics which faces faces is 60 micrometers or less. 
[0032] Round trip or one direction rectilinear motion of the wire train 50A is carried out 
like an arrow head A50 by reversal-going or one direction rotating a multi-slot roller, the 
deflection of radial direction AR of the wire slot 10 to the green sand core shaft C of the 
multi-slot roller 1 made from the ceramics at this time is 20 micrometers or less, and 20 
micrometers or less of deflections of the axial direction AX of the wire slot 10 to the 
green sand core shaft C of this multi-slot roller 1 made from the ceramics come out of it. 
[0033] While pressing Workpiece (work piece) BW against this wire 50, abrasives are cut 
from the regurgitation nozzle which is not illustrated, making an abrasive material 
intervene between discharge and both. 

[0034] Although inertial force occurs with rotation of this multi-slot roller 1 made from 
the ceramics, since this multi-slot roller 1 is very lightweight compared with the 
conventional example, it will become very small [ that inertial force ]. 
[0035] Moreover, although a temperature change may arise at the time of operation of a 
wire saw and both this multi-slot roller 1 made from the ceramics and the metal supporter 
material 30 may expand and contract, if both 1 and 30 are in abbreviation etc. by carrying 
out and coefficient of thermal expansion is made from them, since it expands and 
contracts in coincidence at an abbreviation same rate and the exfoliation like jointing etc. 
will not occur, it is desirable. 

[0036] Although the deflection of a wire slot occurs at the time of operation of the above- 
mentioned wire saw, the deflection of radial direction AR of the wire slot 10 to the green 
sand core shaft C of this multi-slot roller 1 is 20 micrometers or less, and the deflection of 
the axial direction AX of the wire slot 10 to the green sand core shaft C of this multi-slot 
roller 1 is 20 micrometers or less. 

[0037] As a result of performing cutting processing of the silicon whose diameter is 8 
inches in the wire saw which used the above-mentioned multi-slot roller made from the 
ceramics, derailment of a wire, an open circuit, etc. did not occur, and exfoliation of the 
ceramic section and metal supporter material etc. was not seen, but the dimensional 
accuracy of the wafer which is a workpiece was able to maintain 5 micrometers or more, 
and was able to be processed. 

[0038] The tolerance of the deflection of the wire slot of radial direction AR to the green 
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sand core shaft C of the mMPslot roller 1 made from the ceWhics in this example is 
called for also by count. The tolerance of this deflection shows the limitation of the 
deflection which derailment generates. 

[0039] Next, said tolerance is calculated by drawin g 6 which is the derailment nomogram 
of this example. Although various causes are put together and derailment of the wire of a 
wire saw is generated, the progress of the derailment is as follows. 

(1) In order that the wire which has run from the next wire slot may enter aslant to a wire 
slot, a wire 50 contacts lOf of side attachment walls of this wire slot like [ near B of 
drawin g 6 1. 

[0040] (2) This wire receives rotation of the multi-slot roller 1 made from the ceramics, 

and the force to the direction of a periphery of lOf of side attachment walls. 

(3) The green sand core shaft C spacing L between the two multi-slot rollers which 

counters becomes short by the deflection of radial direction AR of the wire slot of the 

multi-slot roller made from the ceramics, and a wire 50 loosens and derails. 

[0041] The following relational expression is called for from drawin g 6 which shows the 

time of this derailment. 

Y+z=L+l+delta x (1) 

costheta=r/(r+t) (2) 

l=2pi rxtheta / 360 (3) 

r2+z2=(r+t)2 (4) 

(L-delta x) 2+t2=y2 (5) 

[0042] In the above-mentioned formula, the amount of deflections of the wire slot of a 
precise distance, the die length of liradii, an nmulti-slot roller, and the radius of the 
contact part of a wire, the wire migration length at the time of tiderailment initiation and 
a deltax:multi-slot roller is shown theoretically between L:multi-slot rollers, respectively. 
[0043] The above-mentioned formula (1) From - (5), the deflection of the wire slot of the 
multi-slot roller which derailment generates is searched for. Next, the example of count is 
shown. 

The example 1 of count: The conditions for calculating the amount delta x of deflections 
of the wire slot of the multi-slot roller which derailment generates. 
L= 100 Unit [mm] 
r= 20t=0.4[0044] 

(2) Formula COStheta=20/(20+0.4) =0.98039 Theta=COS - 10.98039= 11.365 degrees 

(3) types l=2pix20xl 1.365 / 360= 3.9671 (4) types Z=root (r+t) (2-r2) 
= root (20+0.4) (2-202) 

= 4,0200 [0045] From (1) and (5) types (L-delta x) 2+t2=(L+l+delta x-z) 2 therefore 
(100-deltax) 2+0.42 = (100+3.967-4.0200+deltax) [ 2 ] 10000-200delta x+delta x2 +0.16 
=9989.4028+199.894deltax+2deltax2 therefore deltax2+399.894deltax-10.757=0 
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deltax=26.9[mum] [0046] VI example 2 of count: The conHwons for calculating the 
amount delta x of deflections of the wire slot of the multi-slot roller which derailment 
generates. 
L= 100 Unit [mm] 

r= It calculates like the example 1 of 30t=0.4 count, and is deltax=21.7[mum]. 

[0047] Although the amount delta x of deflections of the wire slot of the multi-slot roller 

made from the ceramics was calculated by the above-mentioned example of count, as for 

the deflection of radial direction AR of a wire slot to the green sand core shaft C of the 

multi-slot roller made from the ceramics, it is desirable to manufacture so that it may be 

set to 20 micrometers or less from said, examples 1 and 2 of count. 

[0048] 

[Example 2] Drawing 7 explains the 2nd example of this invention. The difference of this 
example and 1st example is as follows, the cross-section configuration of the wire slot 10 
~ setting — slot include-angle thetal=90 degree of a base, and the slot include angle theta 
of a side attachment wall - they are 2= 10 degrees, the flute width of B= 0.3mm, slot 
Mayama's summit-of-the-mountain flight width of W= 0.1mm, channel depth 
10d=0.3mm, and slot pitch =0.4mm. 
[0049] 

[Example 3] Drawing 8 explains the 3rd example of this invention. The next experiment 
was conducted in order to know the relation between the alumina content (purity %) of 
the multi-slot roller made from the ceramics or flexural strength, and the summit-of-the- 
mountain flight width of slot Mayama whom a chipping does not generate at the time of 
processing. As shown in drawing 8 , the maximum summit-of-the-mountain flight width 
W as which 1 micrometer of wire slots 10 of the same configuration is narrowed from 
each pitch 0.4mm on the multi-slot roller 1 made from the ceramics with which alumina 
contents differ, and generating of a chipping is regarded in this each **** roller was 
investigated. In addition, the processing conditions are as follows. 
[0050] processing machine: — NC cylindrical-grinder grinding stone: — the result of a 
diamond wheel, thegrain-size #400 processing work-piece (alumina material): diameter 
of 65mm, the die-length rotational frequency [ of 100mm ] 200rpm processing quirk- 
like:slot include angle of theta= 60 degrees, and a channel depth 10d= 0.15mm 
experiment is shown in Table 1 and drawing 9 , and drawing 10 . 
[0051] 
[Table 1] 
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[0052] Drawing 9 is drawing showing the relation between an alumina content (axis-of- 
abscissa %), i.e., alumina purity, and a chipping generating summit-of-the-mountain 
flight width (axis-of-ordinate mum). In this drawing, as for the 2nd experimental result 
and the trigonum mark, the 1st experimental result and the square mark show an average 
for a round mark, as for the 3rd experimental result and x mark. 
[0053] Drawing 10 is drawing showing the relation between alumina purity (axis-of- 
abscissa %), a chipping generating summit-of-the-mountain flight width (left axis-of- 
ordinate mum), and flexural strength (right axis-of-ordinate kg/cm2). In this drawing, the 
square mark shows a summit-of-the-mountain flight width, and a round mark shows 
flexural strength. 

[0054] Table 1 and drawin g 9 , and drawing 10 showed that 75% of alumina contents, 
88% of thing or the flexural strength of 2300kg/cm2, and the summit-of-the-mountain 
flight width of a 2700kg/cm2 thing had the large quality of the material 2 or 3 or more 
times compared with the summit-of-the-mountain flight width of a thing (90% of alumina 
purity, 92%, 97%, and 99.5% of thing or the flexural strength of 3500kg/cm2, 
4100kg/cm2, and 3600kg/cm2). That is, it turned out that a chipping does not occur even 
if it will make extremely narrow the summit-of-the-mountain flight width W, if the 
content of an alumina becomes 90% or more or the flexural strength of 3500kg/cm2 or 
more. 
[0055] 

[Example 4] The 4th example of this invention is explained. The chipping was not 
generated, although the diamond wheel was used for the multi-slot roller with a diameter 
of 60mm which consists of an alumina of 97% of purity made from the ceramics and the 
wire slot with a slot pitch [ of P= 0.3mm ] and a summit-of-the-mountain flight width [ of 
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slot Mayama ] of W= 50 rJ^^meters was processed into it.^fcien the wire saw was 
equipped with this multi-slot roller and ultra-thin cutting processing of Xtal was 
performed, cutting with a as precise thickness precision as 5 micrometers or more was 
performed. Although the wire slot was ground faint [ every ] with the abrasive grain 
adhering to a wire and was worn out, it was able to maintain the above-mentioned 
precision over the long time of 300 hours, and was able to perform cutting processing. 
[0056] 

[Example 5] The 5th example of this invention is explained. Although the diamond wheel 
was used for the multi-slot roller made from the ceramics of the same specification as the 
above which consists of an alumina of 97% of purity and the wire slot with a wire slot 
pitch [ of P= 0.25mm ] and a summit-of-the-mountain flight width [ of slot Mayama ] of 
W= 40 micrometers was processed into it, the chipping was not generated like the 
example 4. When the wire saw was equipped with this multi-slot roller and ultra-thin 
cutting processing of the magnetic substance was performed, it came out to maintain 5 
micrometers or more like the above, and the thickness precision of a work piece came. 
[0057] 

[Example 6] Drawing 11 explains the 6th example of this invention. A roller does not 
necessarily need to form all with said ceramics, and if the slot formation part is formed 
with said ceramics, it is sufficient for it. The example is as follows. 
(1) As shown in drawing 11 (A), form the cylindrical periphery section 81 made from 
said ceramics with which the wire slot 10 stuck to the metal pipe 80. The stop member 83 
for an applied part 82 being formed in the both ends of this metallic pipe 80, and fixing 
the periphery section 81 to an end is formed. 

[0058] (2) As shown in drawing 11 (B), form the cylindrical periphery section 91 made 
from said ceramics with which the wire slot 10 stuck to the metal pipe 90. The **-like 
ring part 92 is formed, the reinforcement disk 95 with which the hole 94 opened is 
formed in a centrum 93, and the lid 96 which fixes this periphery section 91 is fixed to 
other end 90b by end 90a. 
[0059] 

[Example 7] Drawing 12 explains the 7th example of this invention. A slot formation part 
is formed with said ceramics, and this example as well as said 6th example is a case. 
(3) As shown in drawing 12 (A), form the cylindrical periphery section 101 made from 
said ceramics with which the wire slot 10 stuck to the metal pipe 100. The bearing shank 

105 is formed in end 2100a of this metal pipe 100, and the truncated-cone-like bearing 

106 is formed in other end 100b. The cylindrical crevice 107 is formed in the periphery 
of this pipe 100, and said cylindrical periphery section 101 is being attached and fixed to 
this crevice 107. 

[0060] (4) As shown in drawing 12 (B), form the cylindrical periphery section 111 made 
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/ifti the wire slot 10 stuck to thefl^ 



from said ceramics with wmm the wire slot 10 stuck to the URal pipe 110. The 
truncated-cone-like bearings 115 and 116 are formed in the both ends of this metal pipe 
110. The cylindrical crevice 117 is formed in the periphery of this pipe 110, and said 
cylindrical periphery section 111 is attached and fixed to it by this crevice 117. 
[0061] 

[Example 8] Drawing 13 explains the 7th example of this invention. In said example, 
although the slot formation part was formed with said ceramics, this whole multi-slot 
roller made from the ceramics can also be formed with said ceramics. The example is as 
follows. 

(1) As shown in drawing 13 (A), form the bell shape roller 120 with said ceramics, and 
form the wire slot 10 in the periphery section 121 of this roller. Since this roller 120 does 
not have a reinforcement member into a centrum 123 unlike said 1st example, in order to 
maintain reinforcement, that thickness Rt is thicker than that of the 1st example, for 
example, is formed in twice as many thickness as this. 

[0062] (2) As shown in drawing 13 (B), form the bell shape roller 130 with said ceramics, 
and form the wire slot 10 in the periphery section 131 of this roller 130. The bearing 
shank 135 is formed in the end of this roller 130, and the truncated-cone- like bearing 136 
is formed in the other end. In addition, the bearing shank 135 is covered with the metal 
138, in order to improve concordance with bearing. 

[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/30/2004 



THIS PAGE BLANK (uspto) 



Page 1 of 6 



* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 



fDrawin g 61 



1 0 



5 a 



^3 




7 




r 




A- 


FT l- 




y / 

7 r 






X 




* i 
1 I 

44- 



s t0 



[Drawing 11 

10 

„ r v L 



D 1 i 



^3 





L 3 3 ii 



6 aaiutf 



[Drawing 21 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/30/2004 



THIS PAGE BLANK (uspto) 



[Drawin g 31 



1 0 m 




1 0 



10 1 OR 10W 10 



[Drawing 41 



BW 5 0 A j ~C 




8 OA 




[Drawin g 71 



- http;//www4.ipdl Jpo.go jp/cgi-bin/tran_web_cgi__ejje 



THIS PAGE BLANK iuspio) 



Page 3 of 6 




6 0 d 



i o 1 



1 0 R 



[Drawin g 81 




[Drawing 91 




[Drawing 111 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/30/2004 



THIS PAGE BLANK (uspto) 



Page 4 of 6 




[Drawing 101 



http://www4.ipdI.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/30/2004 



THIS PAGE BLANK (uspto 



m) mmm 



□ O 



O □ 



□ o 



□ o 



(ma ) bp ma a* a ^ 



[Drawing 131 
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[Translation done.] 
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